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Abstract

The research on intelligent computer-aided design (ICAD) of optical systems aims to
gradually reduce the dependence of optical design on the designers’ experience, improve
the efficiency of the design work and the quality of design results. This thesis studies some
of the key techniques for ICAD of optical systems, including global optimization,
automatic element addition and deletion in the course of optimization, glass optimization
using neural network and expert system for zoom lens design, etc.

Efforts are made to improve the efficiency of the escape function algorithm for global
optimization. This type of global optimization consists of many local optimization runs
with or without the escape function using the damped-least-squares (DLS) method. Two
search schemes are proposed to raise the convergence speed of the DLS method, which
searches for the best damping factor and the optimum length of the solution vector
respectively. Experiments are also made to determine the optimum default values for the
control parameters of the escape function. The algorithm is successfully implemented in the
GOLD program, which becomes the first optical software in China with a practical global
optimization feature for the design of complex optical systems.

In order to further improve the intelligence of the computer-aided design, a scheme is
established for the automatic addition and deletion of optical elements during the course of
lens optimization. The criteria used in the scheme are two lens form parameters W and S,
quantifying the symmetry of the optical system and the optical power distribution among
the individual lens elements. The scheme is capable of selecting the ‘best’ position for
adding an optical surface or element when it is needed to overcome the stagnation of an
optimization process, and of observing and deleting a redundant element automatically
without impairing the performance of the system. Design examples are provided that
demonstrate the practicability of the scheme.

The possibility of using neural network to handle discrete variables (glass materials) in lens
design is investigated. A neural network model for glass optimization is designed such that
a minimum of the network energy function corresponds to a design result with acceptable
chromatic aberrations and with a proper combination of selected real glasses. 21
recomumended Chinese optical glasses are selected to form a small catalog for the neural
network model to reduce the number of the neurons and increase the convergence rate of
optimization. As an example, a double Gauss camera lens is successfully optimized with
the model.

Zoom lenses are receiving more and more applications in optical products, yet they are
difficult to design. To alleviate the problem, an expert system for the automatic generation
of the initial layout of a zoom lens is set up. It includes the development of optimization
algorithms to determine the Gaussian parameters for different zoom mechanisms, and the
establishment of a lens group database from which the structure of each lens group in a
zoom system can be selected according to its numerical aperture, field of view and other
specifications. Design examples are given, which show that the expert system is capable to
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provide various initial layouts of a zoom lens according to its optical specifications.

Key words: optical design; ICAD; global optimization; automatic optical element addition
or deletion; neural network; zoom lenses; expert system
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BT HIRREAT S R BB, DRI R RAEEER. KT
REAE—EEE LRSS SR, BN BERRI AR A S5
ALK B 1.
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Sturlesi 1 O’ Sheal®V0HE& Ril R Gk M A7EF FECEREMNR, BT —
L MER. BEERE - MENTRNHEERFNREEENREEERS S N
B, S ARFEMERITHSHWRENREITEIF N R, BN 2BAR, Fin e
T BRI RIS R

(EME ST ERE NN, £RBRENENTENEEHE8E A, #itx
EAERTRUERERS. b, F—)RF 2 MEENRSE, WRESME
BEABUETEE R 100 B, NFTAZENARBUEREBFENRE B0 100 # 12
WE, B 104, ERFETREENTINRE, BREVITHE 1051, MEES3
TR R RS

1.4 B LFG Y

BRI R AT PR T EATER, BB IHIT e
RO, B 3 B 9% 4 33 CAD# 8 Optical Rescarch Associates8)CODE

10
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Vm}, Focus SoftwareZs 7 [IZEMAX™, Lambdé Research Corporation#jOSLO; HE A
B LRI T k2 SODSSFIGOLDE TS, [RSODSSH A T 1 RIs R B4t
ﬁ%?#ﬁm%%%%Wﬁﬁﬁﬁﬁ?@E%¢ i, EVIREHMEFEEENTER
T, ﬁhﬁ%ﬁ%%Tu%ﬁﬁ WITERFIEHEERS.

METTENATEREERNES, TERER E-ERg o RS R, £,
CODE V #24# “Global Synthesis” FEZEX{F T AER K 8 FE JE B /) ZIeiE A0 40 O BEh
EIAT EREmERERNAS, TLULETERE 50 MU ENERRS, SEEHE
LB E AR G R, (BiRA T N FRLR 28 ERA AT SR, FRt,
CODE VR #mEN T4 &R, EEN—MAFTEXT. ZEMAX BERETHMNER
AT, S—FFFH “Global Search” , BAFATRELE. HLEMERR/IT
FEMEMBERE “HE” ERARY; FTFA “Hammer” UEE, EHEEBE/D
ZHRERIF BRI, BREREERETHFERE S KT T2 4 A8
BACRE, MR ER LRSS T R T AN, XEMEREE TR KM
HLPEERPE R, ERUIARL, SRABRE.

XL BRI FEREMRRE. TS A e T A ENTTRER, K
HRESFIROREMNESHEREN, FTeRTEFEZELAR=ZFENEN; &itE
ERTREE, RFEAEBETRSEEEE, MEEEY Bk aRItE
¥, NSRRI IE LG R TR E g3 e b e R, FH E R B IAG
EXBE, EENERSSTENTANETEA.

gt SN ZRMAEEPERTRESE, MAFREPHEETHESERS
HEE. ALMEEEWSERNL, —BEERER ST ETNGHANSEET
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HE—FEEEA . EXfMFELERENISERE I ENERARNRESEE
h&%ﬁn,n%%%ﬂmﬁﬁkﬁ% HIERREES RITREW RS ER, E1Mm
R EE 5B E B KN, ﬁﬁ%ﬁ%%ﬁﬁﬁﬁoﬂﬁ%%#%ﬁﬁﬁ%ﬁ
KRS BIWIEBEAMNERF, EMAIEIRTERE, BHiRitEieewmE, MEE
ERHREREE, BERYETHEETEME—SHitt, FRiTEEF9%E.
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FHAFLENLERR 3 FRBRIER 7 80U . Mk BT AR ERER R
FE, HUMNBERMTMTRILCHSEEN, FTENEIEFERSTERE
SRS M. T E BT R E BRI MR i R R R BN R R E R
BB ESLYREMNIIG, £ERITENER.

AR, A ARSAR TR EEATY, ERAFE, BASKREAT
R RN BEH. BaggErRnERETS, SENeg sl
IR G ESSREL. BEEER. ARE D, EEFRNREHRRGHR
KHXR. BEL EXEATHE TR TEREERANERRTRYE, E
AYEY B SRER BRI AAT. EESQE, FodERNARARS. WHAS
BAELEBANEENCERENTHEATHTEERARR, RREUTHEERE
RGNS RAIMAENILERS. ITTERRSEMNTERBENTZNA, EF
REFRIENEES (SPIE) BWAEAT TEEERTTTLTITIF,

EARERBEA AR KT, BT RE. SNLAESHREE
RGBT RO, i — B T R ST, (BRI B IR R S
R, BERANEHSMG. B REBEERGRIHBHEKERREETHE, £
EE e EER. UERAATEEEDZAM: 4 H 4R 28-200mm. 24-120mm X
ZRELELCERFTHE, BRjtEel it #i{ER 28-80mm FRHAE R,
RO EF G R R R R T AR RS

1.6 AIEBIFA R BN B R

BRI BRI BT R E, s TR B S SR B S A b R AR B 0
SRGNER, MNNE THERREE., BT, El—Li R AmEEa 2Rk
B AL FEEETEGRE, KAETARELE, BAREAT—BREEAR
AT, R WSREERIRE, W T4 LRARED, ERSEN
PRMAE, ERATEREHARA, DERAROAERERI AT LA E.
ANFHH R, RERLMKREANER, W RS R EAEN
SHESDEL

ASCMFFRT A S AERMNSE CAD %NS AREA LRI LR
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BRI IEERE, A, |

CITH S 69778019, (HERNAFRALEMUT AN

TUE S 69978001, (AFA:4k MY AEAL IR T IERFIT)

BB 60025513, (HANZE) (ERAHTERNLESTE)

W YCE R ST R L S R T A R — X R, AR AR
BRI S, BRSNS . R A M BN TS
TSI R RGN R T ES,

L7 AEXHEEAR

P B AR T

% MR TSR RRANERES, ¥ ERAOERR SRk, B
Ridk, MAGE K. BEEENSBERSERNLBREEETT e, AETHE
RANILA (0562 CAD SR EMIRMIALIIRE, 497 T SE R IR, B
EART RIS EENE.

BE AR B EEET T RARIS. S-S BB A S
ARSI\ 30 B 3 R R b T T B R AL LA . B T AN R 5
SHBEERETARMMENEKE, AL yEns TN HE RN B
SR, NIRRT IR BRI AR . R L Rt —
SRR RS RGL BRLER. |

B8 T AR R IR P R R 2 T VR
MR, 32t T G S — AR BEAEE R B R T b, R
TELTASE WA S BOU e, B K BRRITEH T SH S0 Tt

SO 4347 T P A 507 RIS A B S B B s B AL T A e A AL
R T ¥ P SRR 2B R BRI, BT T T4 4 B 2 B
TRAAER, BT S So bR,

BEE M TREREYRARTHERIR. B THEESETRHEE
BN SR B . MER TA I A RS RBAT T B4
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U7, FETESEER LR T SUnHGEE. REIFGIT ARk AR FE RAN
VIREMNERRE, EUTERAMBTEORIET ZERRENLRE.

FEARE RETRRTHHATENRRMET 2L, Bl TE-PHRAKNTHE.
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E-m AT RERNNE LA EEEBMILESE

MR SR R4 AT R RN B R RE L E RS AR —. XA
2 RARALBIET th 2 A TS\ TSI B 4 8000 B B N = TR R AL AL, AT
FHER AL, EIGAEISR AN . B T BRI U ERE SR
AL . 5 I R IR B T LS S 4 B RO 5 4 2 )P AR (T T4 R A7
f: BTSRRI R B KA. MR GRS S AR AL R
FT 4007, ERRRIE OISR b, B T R .

2.1 WEREREE

AARETERE-OEEHPRUNBREHEE, BBREHRRERT
Ter AL )RR/ ME R B — R ] SE AT RO A k. HER AR, Eiidirik
BT RERAMESE, BATRANTN BB SARN SRR E (W0E 2-1, 84 50
M, REETNRE T IMAREES, BT

5

H{emP o My, —xj,;)lz}} 1)
Wi

2

=Y

B 21 —#EETETELREETERERE
SRR R HCEE T A BIRD S HHEEA M GEMER, WS T B REIE
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[Ars: RV e A

A EARAR R . Kby REE A EROREMENNET, 3R A5
W SSR R E R AR S,

P BB B/ — v I it BB AO T BTN R BB T AL, TR AR
T RE AT K, ATOES SRR . X—B SIS, WAFH
TR R E, ERTGAEENML, DI REEFEFHRITEM.

r A
Local minimum
reached
—
Set up
——3p  escape function
Optimiztion l
- with escape functin
Change +
A& W . : Enough number of
£ Optimization without solutions?

escape function

Y

no yes

B 22 R E A R

SA B —E R AN R BRI RIE KPR 2 R R L,
MR AT . BT R AR, RN AT SRR
B T R, HOR, B R LSRRI AL A
s AR, T DA T LR A\ G A B V5 TR RO (Bl 7
st ERE N, BRASSBESTHEREER , AAXIESUEER
MR R, i, RRRRESREER FEHAEAENERRKEE, T
BBV A RS R EE TR

SR, ETHAE 2 DL R 2 A MBI AR R R R AL
b, HOk AR B B b = R B R — R A AR T S U
AN, ShMRE M OFIA S SRR & R A R AR WA
S LERTTDLE R AR A A, HEEER A B S S B R LU A
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e E TR AR

BHEALHME, SREBRAY, £HBRERERLEEY & QAL
ISR AR IR B AK, W00 65 B S T RS AE B R AL MBS 6 IR 2 2B A,
ITT 2 2 3 BI7E B R MEFRE B2 BRI S . TR £ 2 ]
AR AR MERHE RS TARR, SRS B B S SIS
HE— BB, BT R S T R S A, B AR
Bl REBRANEN S EERB.

22 HES/DZRREMENERNRES

B AT BIPR B YOS WA TRE R B3R A R B B/ e o A A fh 4k
ik, MAERRITEN R —RER

=Y 0?17 (2-2)

NP fAERERE, o INE. FEXZRAEHTE x( j=1,2,... )KL, Xy
BELLERFEEAME. HAFE M AR, NMRNITS RS aRERSS, KL
K EHRRBNTFNRBOEZ LA MEETRNE/ME, THERE D - REURELE
B4 x; LU LU 4

o _

0 (J == 1: 2: Ty ?‘1') (2“3)
ox

SHIBEREER o E R ERRERE, AREQE-HR, EBED fEERM x4
BEUAEER » LR DEEUNER SR BREME, BBE R NRTER
FERTIERE. ARIEERE, BRETEEIMKER, UREHEEILIEE.
A, EIFMRETMAREER, E—REy

DY o,(x;~x,)" (2-4)
: i
EXEo ZREj MRENRMERENRTEEET, DUNEKHEEET.
RS ZREMATRETHEREMENE BTN S, XB2H0E

RARRERTERDN. LRFYW, RECHESETRA B M ERE, B
EEWARBRSIENN, BTSRRI BT 90%. ik, A THEFERRDEE
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i ne: NI gt ol VA 08

VR, MIEREESERTRAFEBEITHEER, FRARIREREENR
#, HHENBHIRBERFERETHRERAEKE.

B B E T RS ER: EERERTEILEREME, EEEETM
AEW%%L%%@;%Eﬁﬁﬁ%ﬁﬁ%,i%%%ﬁ%%—%%%%Ag,%ﬁ
IMAEHERBEFNARS, FLAZEBITN . RANLIFHE dide-0 FiH,
e, Fid, S BARIEAHE RN BEIE: TEREEU T RRSRENETE
A

2

2 &f;

Dy - Oy = Do - D, @; [f:o +Z§’_ﬁxj} (2-5)
i S,

SRR B B T A BOE MR IR BT & M BLE R 2-1 RS EAT IR
F2-1 FEAHERBRET DHRE

R= o=, Adjustment to D Acti
G, - P ! on
| After a failed iteration, changes to the variables are
R<0 D=5-Dy reversed, and the original normal equations are
re-solved with the new damping factors added down
the diagonal terms.
0<R<0.5 D;=2-Dg |
0.5<R<0.75 D=Dy Start a new iteration using the new global damping
0.75<R <1.25 D=0.5-Dy factor.
R>1.25 Dy=Dy

R YOS R Y B B B IR B RO, U IR AR PR (R PR B
BF. Jamieson™ 8 B4R M MR A, (BE—EHHREL T, HAMEITHHINR
BETFHT R SERRIGER. HBERRENED, ALREEZERRIE. EE
L — VoA, R B R A A D=1 Frih. MB AN AHEBETRUNRE
RANFIA L (D200) » HHHE D EFLL 10.0 EFKMEMAEE . ERHABIREE
FHIEA D B D<Do. H/E, BAET 20 458% AZUEX) DEFER
WTIRM. SVPRKERRGHNE, BRI, BN D HREE. HiE
R DS R R RE T, MR TF—RIERP5 D RRMESRE.




ALLUR DA E e

VR B T A (s B EUTE
M RERRE BRI BN
R, B 23 el TR 2 4
FEMEEFETIHRER, ATHA
SEERTINRAECEHNTES
B ATER. A SAVIRE R
F, TEB SE—NREH M. %
2GR 0E B B T IR AR KB, SR8
F R B IR IR A S
R T A E (steepest descent)
EBRKEAD, STRENRAEE, mos wsmERFOENEKEES
BT D) AFTT: R, SR |
BB T AR B R KT S M M E, TSR e S m
BEETREENRE, W D SR, BRBE-ERI, MBEGEERTHEEAR
N E—IEAC R D BT, HULR FARGE R BEE R B LIR SR L
1Rk

Fl bR E e NS R FRETRABE S EESREN “B&E"
M. JREAES AT IREEROREE—SREINE, R HMALE
TAEENE, RERENTERIEAENREKE. B23 5, AD, HNNEE
BB SR EREETOEAE. EXAFRLE, UET 1.3 XA R0KERT
B, BEKE (A5 LR —RAELRERE LSS,

G ERF S ESSIRIELIUS, HORFIMASE RS HAT T IRRIE. —/4N i
HAMERME 24 R, BRAHEZE—AD 5 AR AL (HASHS
28,029,680) B8, HELFHTENET R MR, SHm EE MBS EEE L R
FEE, TEAHN 30 . SAMGAH TERRNER SN T RER RS,
TP R HE TS A4 A B AR R R G e IR . B R S R AL HE
i, AN E T 2-1 AT ERE, LB LT R R ik
RIEFRE. KRIEEE E R R T R B BT RS RNS, EHHR T &M
A, TIRERGE S M BREES T AAWE T EANKE . W REeEE—
AMERIEE, BBRAERS, WY 143%. E—SMAE - MERREEREE
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LR A B SR X

4,

FERHLE, TR EESE 28.6%, MEPRLEHR, E—ARBAT, THER
WEEAMTEAKMNBENTREN. B 25 BHT 6 AREEYSE (ZEEHS
4,099,850) CRRALEETR, 7 FRBITEAAYE (EEENS 3,583,791 BRL
WL 2-6; 8 HMAT gk (BEERMT 57,197,598) PIR4LTEINE 2-7 Fr
R WREAMRFMIAIEEGEE DS RIN 36, 42 fl 46. K22 FIHTXKAE
ﬁ%%ﬁ%ﬁ%ﬁﬁﬁ%\ﬂ%%ﬁ%%@ﬁﬁ%ﬁ%ﬂ%~ﬁﬁ%ﬁﬁﬁ%%m%
A, TEN EREUA R AT B R AGET A . XA R R B ML — P T R
IR T TR Thes, TOE M AR SRR ARER T, BEH
S EEERERS RS TR

EE RN SR T E ST ENEARAOR LA N ERE R, Al

Bl 2-8 FioR, AEXMERRL ((VH S MERKREN 2 AH, ZREESH ITM[S0]
FEATF R RAR A R 2R RMER Witied, FA T EEEEHET &R
ERENERIBNRAEENEF T RERERE.

Logarithmic merit function value
l4.+4

______ No search
3.7 Search for optimom
damping facror

T Employ both szarch schemes

13.4

- e e
o e -

o N T o . S B R

Time

a T T 1
1. 2 1. 4. 5. g. 7. {32c}

E2-4 5 RGURIRALIERE

20




Lot

ST T it 5

Logarithmic meeit foacnien valne

2.3+
A
: Np search
1.3+
Search for optimum
damping facter
L Employ both szarch schamas
1.4
1.2+
~
e - -
T e— e Tima
1.3 T Y T T T T 1
1. R H E. ] 13. 1%. L)

Ei2-5 6 RGN BERE

Logarithmiz merir functien value

13,
\ A
12,4 -
} —————— No zzarch
$ e Search for optimum
2.4 ;'I_ damping factor
‘),‘ — Employ both search schemes
§.-
£
4. T ., o '
hY
)
AP
2,
Time
a. T T T Y T T o,
a. z3. 43, €z, 23. 183, 121, 142 [z=c}

E2-6 7F R R0 dERE
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Logarithmic merit functica value
14,4
A
2y - — = ===~ Nossach
' o Search for optimum
13- 5 \ damping facter
Al
H 3 Empley both ssarch schames
3
a -t \
5 N
\ \
\
e} . [
!
l[ y
e !
. e .
413 e
,1I
A}
-
Z . hp Ao -
a. T T — T L
2. 53. 198 133, 297,

E2-7 8 RGO ILIERR

%225 KRG 6 KRS, 7 HASGA 8 FRERARMERNGIN TS

Time saving rate for

Nosearch  Search for eptimum Emptoy both Timénsaving rate for
damping factor search schemes  first search scheme both search schemes
S-glement systermn (30 variables) 7 6 . 5 14.3% . 28.6%
6-element system (36 variables) 13 1l 8 15.4% 38.5%
7-element system (42 variables) 128 3z 61 35.9% 52.3%
8-element system (46 variables) 202 105 &7 48.0% 56.9%
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L cgarithmic marit function valys

2.4
A
A i
~ . f 3
.3 i
‘l —————— No search
) L Ssarch for optimum
. 1 - -
damping factor
Empley both search schames
1.8
1.¢
1.3
1.2
Tima
L. T ¥ 1 .,
- i. 4 5. (322}

B12-8 S/ B A0 B LT

RS = ANAEET, ZFEEEETHERICEEZEUTRE. EHE
B ZREMAERE S, BEEEEFRE—RABITE R, ERIEDMETRDS
FEFSRB/RN. EERANLT, AT EEREREIRE EFTleRiomE
RS L, EMEKERMEr 2T BN . Hik, X na 8RR aEm
VRO RR B E T IR BT, BT EBEEBE FIRER AR/ E (BinrLE
e IGME D=1), RBRRVFFELIKED D A BRIBMNE. A —FMH,
fESERUEIRE, BITERNIZELTABRRMAERRR, MutATFrE R 2R
HERBREA &5 BATFTER BB B, XFE RGBT R EH RN
E, THFEERGHEERT.

AXEHHREREEREETFNRERRBRENERIBITEFHE T S5
THEER, EERIEAPERAREASERNEE, AR0tES THESR D A
REMUALRIZE . TR TRERRDANER/RMAERHS NN IE MmN BR R HER
B/ THRE BELAE R, ERIEIN BRI RE N E.
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Logarithmic merit fonction value
2. -
~~~~~~ No sezrch

Search for optimuem
A damping factor
Employ both

% search schemens

Time

T L] F T - T
. sgge. 1eGee. 150080, 20064, 5000 {s2c)

B2-9 TR A 5RBEEVSIN A SRRy SRR

B 2.9 48 HEIRT 9 K BB EAISEIN & BIGERE— M REBIT. X%
RAIMALS, BT ERLEEERBERNE BRI, MATHRG AN, B
NERE. BABK. BETOEUSEE, WETARKE. HATHE L.
=R AL T 74 B IS LR BN Rk B ML R R AR
Hlkl. (CRAR AR ETHE R, R KRR EAErT, YO RS E M
PIHR R RS BT R . SRR, FTRRENE— RS
B 1.689,1.240 #1 1.045. fEMBISLHIMSRMAER S, BEFEBRTHER 2-1
R, A TR (400 4440 FASIREI 2 NRERA; KH%S
TSSO T SRR B BT R L, 7 R IE] PO AT BARRE) 11 SRR AR AN
SR FRHEEIA T B MERBERI R RE NI, E—SEET &R0
RS, W T RE SRR ERE S, ERRET 13 MRBEA.

2.3 P8R R EUEH S IAIER

EER— R B ART BB AE, FEEILSUAEAINEEA
fRLeE:, EDMHE TSN R R Y TR
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AR I ¥R

dz\/lZ[,uj(xjA_ij)}z (2-6)
ni

A, g BEMTEXRIWEMNET, x4 7 xp RANIRE S —HERLEE,
WE dAFIREE, RIACAHBEER, RERRED, SMAAERREN—PES
FRMRREREFHTHRLER. ATEWTETRANBE -S98R, TEHRE
RAREERENBBRDEEENE.
QDR HF WA PSR REEEATE. R LW AE L U=,
2. WHERERAERNSE, MEMTHRTRE R, '
' H, = H,H" W, =[1+ (k- DW, W, (2-7)

b B R W RWRE, HoAD o ABERET . BB — AR P B
BEISE, BATHEER, NRE-ANERSECCFRFALEHNHEE, it
T KEKE.

2 RRATIRN EEREE T RIHEAEREHLERS, BRENAEE R
EPEMRERE. LEREY, BHBENVGRE (H,7) BZAMATRD, i
HEFER LU T A BB E R BE AR, R BFEEAAE N EEE: T
WERT (K, W) MRHENEX, S#EEBIISORNTEREBN, #%EJLUKE
WE RGN BARGRENSD ZFEAMAIIEN REN EERERPHRA
EATH—SHRER, EMFENRENEEARTEENERGEF TR, B
BRI LT RIS 3E:

H1=O.S W, =0.1

: (2-8)

H =20 W =20
¢ c

B 2-10 FURA— P ARKEREE, SHTRASEMRRREESHSHN 9
M REACHERE, FE T REE TN MNERSE. FRNINAZREBEDSR (X
HEFS 2,780,139) PV, RABEGZEMNTEEBUARITNERE, MATXHRE
BEE. FEE. B MAMISEE. BATOSUEERRILAEGER. TTUE
Bk B BRI S S B E T B MR, XA T LREFEREENE R
7EAH BB AT I A] AL X PR O BR Bk B T RS BRI R R AR D
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JERTEE T N - 40 X

L\ R 2P R VPR B SO R — R AT A, RSB R AL
VT RBUE N 233, RETFAMESREEESH, EERMRLEERA, R0
SR RGBS ER NN R ENE 23. BFE - MULBRERA T A S
B, BARESZINAEREBIDFESNER, LRI RN
R/, b TTAnHETE 03 ) S M A T A KT I B B B A

7 2-3 DIEAGETHNANREN RN ER

Number of  Minimum metit

H, H, W, W, ) .
solutions function value
0.02 2 0.10 2 1 4.98E-02
- 0.50 2 0.10 2 i3 2.64E-02
4.00 2 0.10 2 i5 3.32E-02
0.02 2 0.02 2 5 4.51E-01
0.02 2 5.00 2 2 - T.69E-01
0.50 2 0.02 2 4 4.98E-01
0.50 2 5.00 2 10 1.41E-01
5.00 2 0.02 2 7 5.35E-01
5.00 2 5.00 2 12 2.37E-01

2.4 R EEELHEFET

BB HERRCEREURAER TN SRR AR EBNEECELEET
FEERF AR GOLD (General Optical Lens Design) & & 3325 GOLD B4 GOSA,
REEFRBARMEELSEASHEREIHFTHRIN L ALK EIS 2 ET K
el EANME R LSHER B RO R AT Atk T BT LA IR SR
SR EFRAFEERER.

7£ GOLD %k, KRBT YRS MENE—AeRERDY, HEENATEEM
FRAFRENSIEHT, AMERAMNENHEY MEZT 11 HANREE,
BIRE LA — DR R B B B U — B P A% o XM R E R T8 U
JL&JENBERE R IUTEREEMERENY T E, HFEETRFRANE-2)FRHH
PEREBEMMACEFRANERM. BEENFEXGEEFRARAYEREN, ©58
SIERTREREM NGRS — R 0REREERNBRER. Bk, HEMOy
WALVEY TR 2L, TR AT R R NSRS, ATEEAF RS EHERRRRE
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TR AT Mg X

REIRG RIRTRE,

7EF] GOLD #A3f e REHT R RVTE, FREWT LRI R EER LRRE
LR E TSGR GRE PTG RS FTLUEB R A E R AT R
Mg S EHCH ISR, TR ER S E RS, JETIEE. BARNHEE
HEGNESE, URZHRERE. ST O0RBLEE. RABK. HHEUER
W, RERASMIERERETIGRITEESS. BFTUTERLESELEMR
g, TRHFL . ARRLPEFEIFRESEHRE, FEETNRSZEL: T
HE—IERF AN EHRELE, UEERBIFIARAANRE. BEF2R
oA, AYERAERERNEARN, SRERREEHSHNREE, BHR2-6)
=, 7P B 4R A TE 45 A S B AR AT B A 3 O RLEE RS A T T A Rl R i AR AR R AT
BT, SEMXRABHAAFHKTRRE $%.

2.5 &Kl

B 2-11 B T4 A GOLD #isst B3 6 B REBEWHEET 2R T
— T AR . BT HEEETHENATFNREE. REERT 36 MRE,
B RSP A LS TE . M e EE . IREM T RRAER R N T ER
ok BB EALERAAN, AL AT HARLEE. BEHE. BRAk. BE, 8
Al i ERE .. WA WK SRS BRI 2.2GHz # Pentium 4 AL L
EAT. BERBIREAVIEER, BYIRTRAATFNEEERN 9.04. HERRIA
R E| etk B E R AT AR, EPRFOEHEANEI A RRERNITERE 26 260
14 S5vEBIE. B 2-11 RFHHET— SR (MBRFHNETANE TR HTFNE
HEBREE, RESHKWEARE, BEENRATEE FBOHERRET BT
B, BOETHREOKM.

B 2-12 BT B S5l 5 — A TAETE AT b i B o3 8 . AL IR A 04T 4R
CEV BRI KO SEARNEE, RERIMAN —S AT LERUHMERLHEER
k. ZREPFERNERSESEARNEE, BRBERE 11 K LESEH M
{#, Fi GOLD Bk fI3BES 50 B i S A SR X FR TR . AR R 3t
g — O R AR EE R O B ERE, SHEMESHRBEEHEEERA, H
Rk AR E R G BN EE. B E LARRGEHMET ARBRR N
FEHIT RSB ERAENBEE, RASRMLE, BFERT MR E
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DT A R it 3

R B E R — R RIL LR,

5.04 iD.18
— — o
/ )
17,34 15.73 , 18,92

et vl N 50 @’////
TR Tt 11 =51
LT ] T
) g =
PO TE-OX . 4.,305e-0% 23.310E-QL
: . I
/7 1 i;ih praiid %ﬁﬁgz
L ] VAT ALt
L (f/ R of |1 N = g2
s /] _ &’T\; o3
3.03%7-01 4. 077E-0) 4,373E-03%
ﬁ%ﬁ i -
7T N ;i B
| )
W I 2
2, D89E—-0OL 4;.1.'285—01 4,257E-C1

E2-12 REYENEENASER (BTHE AR R E)



AT LA AR

2.6 RENLE

KENFAFEREFRRELNSBRAEENT EXSE: OETRRER
AL HIEAT 2t B AR IR I N B B S LB /D ek bR AL A,
IR TSR EHERTARARN B KA ERNE, BT BHRL
SUER . @A BRTE THR RS M S S M BRI, (RIET ¥k
SRR, PRI A KRS TGRS BRSNS, EEREHE
TUREER. XHEN TGN TAREEEBA, BREEHERIER—6
HEHBOEET, MHRBRNESRALFRAFEERNRE T hRRNE
M, HERXDEAHERAE ¥R LEE.

FREFURE B AR TGOLDYM, (A A E iy B — N 2 R LT
4o L CADRREE . B34 ThEE H20004E FATE TFAATEE A3 RLAT, EBEZ A B
SRRT SR ERARANEASORLRT, WA T HENSR.



ARBUE U M it X

- EZE R B IEELE TR

E%@W%%%&m%#ﬁﬁ%%ﬁ%ﬁﬁ%%&mmﬁu¢ﬁﬁ%@&@ﬁé
MR E G EETN, TTREESENRENGBENN A RS (Resis
3D THFREMNE . VISR IEREESAERITA ALK EYIFE%. ik
FE AT A EUNE R EIRATREH R 2R LGS EM R RER, IEE
EEER, rEEK, BEEREEIATFNERNERERE, BLEESR
WER R, MREFNRAFGUTTESR, MWEREHERAE, ERR%.

EFRAIE R R E R RN, SNBSS NFERITARALT
B, THNER, ALRASNEREFERANE M. Bty —H e RM6kE
ERAEETRETR R B3 RULFRIEE o B ER.

AENET BREEERE RGN RN, B T REEEEN
o /T B LN AERENEEEN iR ES, EIEkBsSHw m
SERFHE, METZNBHEN ER T EfWEASREAEERE, BdX
BB T HLRIAT AT '

3.1 BEEREMEARERET

R B AR ERAL BB BT — 2 E S LA R R L
SEZE AN, R, BetenskyP R AT R ARI-IHA B ELERET,
RN — MBS T Rt BEMER: M BB L EREE. 2
BRAALLHUER, BETIONEHRARLET, LFaBEBATEH. T4BE. B
BIEEHTEA . MIERE. S, MEANERTSE. MIRELTR. B
AR WS ENEF TSR, BRRDN T HEHTFEA=a . a.. a,fE
NBEEEERRESg, EhETa (=12, 10 BEN 10, HHINBRENEF
SRR, REZMEAETFREMER. HEETRIREER—AFRE (RaH)
S BURTDSHE N FEEE, HESEBRUER L, KEZFES L THIUERN
TR SRR R R VR R ST, A R R KM 5 A 1E S T B 25— K.
R R (SRR M AT A S AT AR . RIS A, 32 TR
Yo REERTRIATER, BT, BSNEANLHER TN RS, BERX
B CBEESE” , EMEOEE. SHHEN OB TET—R, BRESHEUE
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s R Erqia s

4

SRR, EAA NIRRT, HATA NS ST R R R EILRS-3.

34

#®3-1 FABMEERT

Name

Description

Bending

Flip element

Flip group

Field flattener

Thick corrector

Thick corrector external

Aspheric corrector

Aspheric surface

Stop position

Flement or group removal
Coempourd color aberration

Compound aberration

Split

Thick lens replacement

Element shape is increase or decreased by a specified large increment

Ar element is reversed about its center, if such a flip can satisfy the zero
power condition

A group is reversed about its center, if such a flip can satisfy the zero power

condition

A plano-concave {or convex) lens at the image plane which removes all

Petzval curvature

A thick meniscus inserted into an availeble intemnal air-space, convex 10
image or object

A thick meniscus added to the long conjugate side, convex to image of
object

A zero power corrector inserted or added

A given surface is replaced by an asphere which eliminates its dominate
aberration

The surface number of the stop is changed

A zero power group or element is removed

A single element is replaced by 2 positive-negative combination having
different Abbe values

A single element is replaced by a positive-negative combination having
different refractive indices

An element is split into two elements

A single thick element is replaced by the equivalent two thin elements

30 R R . BEEAAIRR

String ne. Operator number ®
123 45678910
2 o1 010111007 23
5 100110010 27
5 1100110010 27
5 1100110010 27
6 ] 0100110 00 37
6 10100113000~ 37




AEREE R it X

%33 BTRBEEHITFNELE

String no. Operator number @
12 3 4 5 6 7 8 910
i 0101011000 1.22
2 1100110 01 0 .14
3 11+ 001 10 0610 .14
4 110 01100 00 A3
5 1 010011010 14
6 1 010 01110 0 A2

LRSS, BT EEREEETRAEAZBIGRCE O, ERERT
Be BB AR ER RNRNEHARAREEN. B, BEEREXHNTRES, =
SWITIA R, REMVWEERHNEN, BEASHNEEERR FEFER
RNEHERREREEE THEREDN, FERERNAZERITLK (Betenskyd A
EEGELZHUAEERITER) « ARIBGHIFE -RBREGT LIRS, EF RS
RN RERGHRA TRESFINRENGS . BERASRERRIEE
BT, THTESILATAEEEERTY “BE” p¥al. BRRMERERGEE
H—FEEAR LR, SCANEEE, REARESIAMCRANTRLEER.

3.2 RFFTHHE FIRBALE]

FEETH ENEES N AERETEN NSRS HRAIEN RGN
EETH, JEEBEREE LB RERN, B RFA%ETFHEET D, X
AR R BT E R E P . ASCRBE I —FERTRE IR R E B aERoTlr
HINLE], BT S AT PR AR EATEN AN P, A ERER
AT RIS, BT S AR RE P AR N RN R 2 TR ERE,
BFRBIMERE TR, EPEEBROXRE TR ZNEIERSERNATRE.

EHEFACRAABERBMER L, RITEHTERESSHE WV HS.
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SR QLR A

321 EREASRW S

S FASK W F S R EE TR &EE, T BRI RGERRT . 74,
W7 R AL,
SHW R AL T L ETNAEESRER, HEA:
K
W =(}1<~7 lejz)"z G-1)
Jm

K K ARG RS E A, w ANEE 6 “F— SRR

/

Ry Y
l-m n'g

W= (3-2)

J J

Rebn | n, FRE EHERITAE, O RREBE, y, HERASCEIEREL
BREE, m WEANRRMRE, T e BRRE R SRR S %
sk f TR

S SR RGFBANLEY TR B CEEAIRE X 00
ST 5 SR O R ORISR AR BAMIER), RN

18 24172
S =2 2.57) (3-3)

=

;E;EPSJE/]%XJ{J

1 1 —
§;= = A In:'—u;In; (3-4)
J 1—m Astop (nuurK) J( J J g .1)

U, u'j%ﬁ%iﬁi—?ﬁmé%ﬁ]ﬁéﬁﬁﬁj@?ﬁ%ﬁﬁ)ﬁ%ﬁ’ﬁ%%%ﬁ, A RE jEETRIAN
HEn, SRR e BN T ORI, Aue WG A, TEE T EHIE.

Sasian F1 Descour™ S KB ¥ ARG A WS (HERERN, FRAWHASHE
WEG— B ERINERETELR, HRIEBTURERENES. HTE—PIE
Bkie s, ASOHT T AT KR

SHESEB G —A F 80 3.5, X035 40.comRaga " erRna s
FHEER RN ST . SRR RER DA SRS, B8
SLBASE W RS EATREIMNEN B, RERSICFETHBENE, BEi
TR, MEREFEREEEFMNTST. B 3-1 PRl TR IR
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AR U RF 583

ENALE, HANMESEESER (Modulation Transfer Function, 2 MTF, KU
b 0.7 MBRIANLS M ARE) BAmE 32 FF, B33 8ETRIEHERS
B RIS, 3 34 TUFIH T HRALRIE R AW 70 S B . M T AR
B RS A B IO TR T RAMRRRE, RS & 095
WUNE] 072, TS BUSUEN LR EHE, AWl BB EN T H kB A
A NFER G RN RE, T F B 5 b T AR

— “.{ gy~
/
11,36 #1 11,36
B.5. Patent 4185893 Scate: Z.20 U.5. Patent 4183853 S¢ale: 2.20
(a) (b)

3-1 BRI )E O REEHE

MODULATION
1.0

0.2

C.8

0.7-

0.6

0.5

0.0 5 10 15 20 25
SPATTAL FREQUENCY

B 3-2. SIS AZE LA, 0.7 F 1.0 ¥UA K MTF 7 RERE
— VIRRZ, ——-— AL R EE.
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AIAEE NG it s A3

h

ATIIRRATIC AILIRRTIC
riey weres arnaRT I Py SIsioRIIe
| wEnae Iwmr. tagh JreTSee srmesegs
Lopre e e e
o oy }se.n L s
[ e naz Fanor
P L.z ] b oss
r T t 1 r Y v T T | =
wa A Wy e - - H N - - :
PIET) OITLEINETEAN) N ATIEATI DOEIN GRILIIMITERNG & 2ThHacied
Figlg oo Tor the engingd wion Fiald corvan S tha syatern oplimized with Woand 3

B 33, R )E (b) RIS I AN 2L i 25

% 3-4. BZRHAHT(QEOFRFN w,ands, {2

Surface Parameter

no. W, Si Wi S
1 0.45 0.11 0.29 0.12
p) -0.86 0.22 -0.22 -0.07
3 1.06 0.06 0.30 0.06
4 -1.42 0.32 0,1 0.25
3 0.40 0.36 -0.28 -0.10
6 -1.00 0.04 -1.45 0.73
7 A12 8.20 0.11 0.56
8 -0.95 -0.63 0.29 -0.28
g 0.76 0.67 116 0.02
16 1.08 0.79 1.08 -0.08
H 1.56 0.03 0.99 0.35
i2 -1.18 0.34 0.53 (.82
13 0.00 0.00 0.00 0.00
14 -0.97 -0.99 -0.76 -0.84
15 -0.75 -0.86 -0.89 -0.97
16 -0.26 0.29 -0.20 0.35
¥7 1.09 - 0.26 1.11 0.33
18 0.16 0.00 0.16 -0.04
19 0.70 0.27 0.64 0.39
WorS 0.95 0.47 0.72 0.47
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AERTEE RS 3 18 X

3.2.2 YU AT A RO FUAE O S 8
w5 SURAE

.
ij =1 ’ (3-5)
7=

B4R, SN w R, BERSD AL ER RAN BAEERRIER 0B
BT, SR OREESEE/ M, XHEELEENBET RN, &
WFRERENEE, SRR RE M AEEN wEBE T ERT . FRKA w il
BT R KRR TR, FILRT W R TR, IR, ARk
HHEE - RAIARANERGE. Bk, LYEEMA—EFOTE WEEDE
SEWRLEE, H—PUBRRRNRRREN, MZEFTRNEEATRX
w R TTHEE, BRI A F R T 408 A S AN R 0K BE, UIE RS 78
BB RN AR, TR I AT R T . SREBAR)
R (B TR S B R T+ L |

R EEERT B EASY, EEFEXN 5 EOREEIEEANE
RITEHBET B S 0, HERLTPAFTEALG X5 BE. SEWEH
GRS REN T ERE D SNHHERNEGRE (WHRMEE) i, S () RZH %k
B2 A B R

B BAS MO TR T AN RS T RTEETRNNET . LRES,
LRGP EATAOFENEEE @SAHH 5+ Blw, +w,,, s Fs, HE
IR, BB TR AN R AR ETERERNEW. XRE RN THEE
w,tw,, ~ 0 F&MEE, ENBMCERFMEEERBRERM: W, Ms,, HUE
BT R AT Ll B L IR MR, MREREMTMAK. FHE
Flw, +w,,, s, Fls, BOVHIE, RRLHIUENREREFEHRABIERNENLE
L B BB R ‘

3.2.3 BREFETAVLRIEIE K

EVHFR TS ERELSY CAD RENERALERERES R BaitE
B, EEMELFEE. FYEESRESI N R TLR AR LHED B .
3 [E Optical Research Associates 23 FRF I CODE V RGP T —MERHIEES
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ACE KRR AR

5
MOlghge, MEGETLAERGTFRNEHHHINE. ERENTRAREFHE
MEE. IEMAMHEEIEE (BFEALEE. BAFIAMEHMNIL REREER,
HEUEFEOER. BUFE. XAWRAFEERE T —PERNTEFE, FRAT
AL B R i R, Bt AR piF 2 ARl LM CODEV £ FY
RESCHLIF T AR e Y

KRR TRV TR RR IR P E S — TONRRES, LUER¥R
FHRAHIE, DB ERPRAEN, THEEAFEY vy BEURELES |
Bw5s, RIELWREMER RESETIRE.

3.3 ¥t

A ICAE B EE R MZE RS RGO TR A SRR TR, AT
KELFRERELMULBRRIT. BTRE, XERIIBHF RN KLY
33.1 EFHNTH
(1) ZHE

BT R R R RS — F 445, £20° B ANER =&Y ER
%o B 34@EHTHETARETRCERINRARYGEE, HrREES
ZH b B 3-40)0 %R MTF Bigk. 3 3-5 %Gl TE—NHEE w5 BiE.

HODULATION Defocusing 0. 00
1.0

R
Y N

0.8 k \ |
6.7

Diffraction Limit
Ads

T . .
g O Field(14.50° )

-3 S N NS
. T
.0 Fisld{20.00
- ?H_w. T T 08 S 1.0 Ficid{ )
- 0.4
0.3 L .
0.2 i -, “~ B
p PR T S
0.1 o e
PR, ) . R R i
0.0 U 10 20 £ 1 %0
Cocks Triplet £/4.5 Scals 2.50 SPATTAL FREQUENCY (CYCLES/XM)
(a) (b)

& 3-4 = RAEVITAE ()5 MTF H£8(b)

HTUBEZAGHBGRE, BRI LWIRE R LSS HO HIIR A T
HUBl, EAFBEAw E (LK 3-5) WH 1 IR —Holr. EARaEeT,
B ST CATE S E T R — MR TR T AR, BT 1R TR IR A

4G



AETUE TR it 3

B E. STMAB MO RGHET 0, TUMERGERERETENRE,
W 3-5 B

AODULATION ' Defocusing 0.00
1.0

10.86 H¥

. . . ) :
10 20 30 40 50
Cooke Triplet £/4.5 Seale 2.50 SPATIAL FREQUENCY {CYCLES/HN)

(3 (®)
3-5 7555 1 @AM o H AL E B BB RAEEH(a)5 MTF £ (b)

£3-5 = HEVIAEH SIS | BAMIT AR R BRI R LS B R E
fiw, fls,, RBE—FIARGW MSE

Surfaceno. 1Al 1AZ 1 2 3 4 3 6 Wor 8
Wi 191 034 -140 -R79 @2 172 el
S i 0.32 1438 168 <119 064 008 108
Wi 088 146 183 016 124 R 030 L7414
i 004 014 0325 106 -13%9 1327 093 046 086

ERREFRRERRGRG, ERERNEAA BRSO USE R,
AR ISR ER R A R B E R B E . HLRRIE, SRES
FREASHNEERACEELCE I~ MM, ERENPNEERUS &4 T 25
MEHFATHAL, B IR RSN, R 3-6 qﬂﬁUﬂiTii&?}ﬁﬁ?’“\”’i\ﬁﬁk%%E
TEEK 30 B ITHN 50 ZEXFALAy MTF 88, 7TLAE RS | WA n i ias T sir
MR, WTTIESE T APUGIR ERE.

+1



AESTER TN A 22 i 3

*® 3-6 REAFAEMER NI THREILE £4 MTF {8

. 30lp/mm 50ip/mm
Field .
St 52 S3 S4 83 S6 St s2 $3 54 83 56
AXIS 623 4l 629 611 601 606 356 341 333 378 JAoo 376
0.7(Ty 509 429 366 400 389 500 341 A7 214 160 230 .24%
0.7{R) 558 S5T8 S0 342 566 361 216 202 123 007 223 217
1.0(T) 341 A3 294 154 283 203 160 .168 015 174 063 044
1LO(R) 430 418 464 335 442 484 .337 302 338 147 399 .36%

@) TAaExk

FAEB AT Rk CGEEERS 415562901 6 57 CODE
V FEREAREF TN REET ML, ERAPHRSERERE (S36mm) . B
(<84mm) M &G WAL (<5%) ST FAAFBAT TIERl BT #ATHE NI E TR
%, AERESTRAAWERENR, BH FEMNEERK 3.5 800 2.5, K MTF HE

FEXK 50 B3 TFRER) 0.15 (JLHE 3-6),

16,67 XX

0. 8. Patent 4155629 Seale 1,50

0.9 “\\ '5‘.\
0.8 '
nt
0.6
0.5
0.4
0.3
0.2
0.1

HODULATION

hifir
© Linmit
Awis

0.7 F

LGF
-8

Defocusing 0.400
mtiur.l' T

Feld (22,73 )

ield(30.50° )

10

30

SPATTAL FREQUENCY (CICLES/HX)

40 &G

(2)

(b)

K 3-6 T EELVBEW(R)E MTF HZ((b)

BERHZ R GRS 15 EAHRKK w, E, RIE LR BRI, Eixm i
ERWT —ANE . SR RS ER R R & HTI R, A
M MTF B EREES, 82X 50 &3 RAE 03 LLE, BE3-7F4H

TR ARG E R HE MTF 1£;,
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AT TR g s

CDULATION Defocusing 0. 00
1.0

~
0.8
jo1
0.5
0.5
0.4

--------- Diffraction Limit

Axis
03~ ; 0.7 Fierd(22,73° )
2
2l e T 1.9 Fisld{30.82° )
0.1 ot E
16,67 MY —L L L L J
10 20 30 40 )
U, 5. Patent 415562% Seale 1.50 SPATIAL FREQUENCY (CYCLES/NY) ’
(a) (b) -

& 3.7 5 15 HABMTH AU REREN RS E (S MTF #iZ(0)

RITHR T AELYIREN (HTHR O FR) MBLMILER CFRTF ER)
REANEEM w, s, SUE, HPE B HAAEE, £ 160 17 BMRERTE.
MWEFTLUEL, ESMTERE, RETEw, s, WREMTHEXs,)) HEK
AN, HETIERGH W EM 0.76 R 073, S{EM 0.61 BEZE 0.49.

% 37 BIMFEHRE Rk w, Rl s {8

Surface Parameter

no. W, S Wi L)
| 0,75 0.00 0.75 0.07
2 -E17 0.30 -0.99 (.65
3 0.49 0.08 0.40 0.18
4 -1.05 1.10 -0.97 6.91
3 0.69 -0.34 0.50 -0.02
6 -0.42 -0.18 -0.36 -0.33
7 -0.24 021 -0.72 0.09
g 1.04 0.59 0.72 -0.08
9 G.34 0.07 0.5t 0.4t
10 0.30 Q.51 0.73 0.74
H 1.29 0.09 0.98 0.03
12 -0.17 0.97 -0.22 0.72
13 0.60 0.00 0.00 0.00
14 -0.13 -1.33 -0.07 -1.02
15 -1.36 -0.21 -1.21 -0.43
16 0.27 0.02
17 0.86 0.46
18 0.03 -0.26 -0.98 017
1o 0.61 0.68 0.30 .39
WorS 0.76 0.61 0.73 0.49
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s WG g e LA 0"

332 BIEISEIEE

MTEERREEENAFRE, ENERERAGN, FTUEERNREER
BRI LM, METHRYET % E, AePEnT S, BETU
RIS ETARUNRERABRRNIEM.

(1) BAHDE

AR EI A AT ATLE (FEh 2.0) BAEYE (EESHS 2,955,513) 1%
4 H AW EE, LE 3-8, ARIMNERBTIBIZREHN IS A MR
EEBEI7OR, WL A BT B K B RE DI 11.4%.

\ Ist doublet
Znd doublet
3rd doublet

=

5.00 HK

. 5. Patent 2955513 Seale 5.00

B 3-8 FAEMEIGSH

WM EREMRETE, BRIBRAFTPHRE-DIESES, At ERm
—AREEHETE. ATEARTFHEEEHRERENXRER, BIETHEF
O B e ROR B NER RS IR HHELEESHS . R I FHE TR
A T A PR TN s, (B, Hds,=0.61 ABAME, RIEASCR B IR,
REA%4 B 3-8 P AL T 2 EMHEMRAETE P IRE
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BlRE: NN L e SR

%}8%W%%M%%ﬁﬁ&ﬁ¢&ﬁﬁ%%%ﬁ#ﬁ%ﬁ%ﬁ%%%%@%ﬁ%%ﬁ

Surface no. t 2 3 4 A 3 6 7 3 9 GA 0 13} 12 i3 [3A 4 15 16 N
Initial system  0.02 861 0,10 0.13 004 008 0321 005 .00 -0.17 060 -D41 -5.01 938 -023 053 0.2.7 .
Pdoublersplit  0.04 035 000 Q.41 805 019 001 004 815 0.00 0.0 000 .038 (.).00 431 <034 038 9%
™ goublet split  0.02 0359 @11 012 -0.01 - 00é 013 o04 o4 04 02} 680 011 00 g2 225 031 415
3Ydoubletsplit 002 059 009 £.42 0406 008 023 004 000 004 600 043 -0.55 051 039 -0.25 053 053

RREANF PR EOR S S BB SEY, EXRPPRESETZAITRE
BENBDE, BREANTRLE. EREFENESIETRL: NERFORE.
NEEEURFHETHXEESHANOR&S, BEXRAREEST 10mm. &G
WIEAT Smm. BAEKDT 30mm, BREKEELUET BEMEIMAN L.
ENRGNNERERELE 39, H(a). b)F@Sah5EE— BIHE
EATKEHMAERER. B 3-10@FEETESVIHEREEAKNTDNREN
MTF ghgk (G b, 0.7 70 1.0 TSGR, IR MEFZ ih MK 3-10(0) . AEIF
T LIEHIIE B ESE - MR EAFBAN ARG RE, & 3-8 BRI s, M 0.6
wk/NE 035, TS HMEHR N 0.27 WAE 021, BEANERST R,

00D
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4,

R 39, HAWESATRETE= MU R AR S THA BRI RS S EH w, (4

System
Surface no. Initial 1* doublet split 2™ doublet split 3 doublet split
1 -0.04 0.03 -0.16 -0.12
2 -0.08 -0.09 0.19 0.16
3 0.15 0.15 0.20 0.18
4 G.11 0.09 0.06 0.06
5 0.28 007 -0.02 -0.01
6 -0.02 -0.16 -0.03 -0.03
6A 0.25
7 (.28 -0.27 -0.24 -0.21
8 -0.23 -0.21 -0.29 -0.22
g -0.04 -0.04 0.00 0.16
10 0.02 -0.0t 0.01 -0.1G
1 0.15 0.17 0.22 0.08
12 -0.02 -0.03 -0.01 -0.08
i3 -0.25 -0.20 -0.21 -0.19
14 -0.56 -0.58 -0.52 -0.54
15 -0.03 -0.03 -0.06 -0.03
15A 0.03
16 0.42 0.44 0.44 0.41
17 -0.20 -0.20 ~0.13 -0.11
18 0.35 0.36 6.30 0.35
19 0.05 0.035 0.08 0.04
20 0.23 0.25 0.23 0.23
21 0.28 0.27 0.25 0.33
22 0.11 0.1t 0.08 0.06
23 0.38 6.39 0.39 0.32
24 -0.04 -0.04 -0.03 -0.03
25 0.33 0.55 0.53 0.49
26 0.06 0.00 0.00 0.00
26A -0.02
27 -0.66 -0.67 -0.65 -0.57
28 (.20 -0.20 -0.15 -0.15
26 -0.41 -0.41 -(L44 .41
30 : 0.21 0.21 021 0.21
3 0.16 0.16 0.15 0.14
32 0.34 0.34 0.30 0.28
3 0.03 0.03 0.61 0.03
34 6.31 0.31 0.33 0.35
35 -0.02 -0.02 -0.02 -0.02
36 -0.05 -0.03 -0.03 -0.04
37 0.00 0.00 0.00 0.00
W 0.26 0.26 0.25 0.24
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